Interleukin (IL)-12 was originally identified and isolated as a natural killer (NK) cell stimulatory factor. 1) Compared with other cytokines, it has a unique 70-kDa heterodimeric structure composed of two covalently linked p35 and p40 subunits, both of which are required for biological activity. 1, 2) IL-12 is produced by antigen-presenting cells such as monocytes, macrophages, 3) dendritic cells, 4) and Langerhans cells.
IL-12 is produced by antigen-presenting cells such as monocytes, macrophages, 3) dendritic cells, 4) and Langerhans cells. 5) The immunomodulatory activity of IL-12 has been intensively studied. IL-12 has been shown to enhance lymphocyte proliferation, 6, 7) to augment the cytolytic activities of T cells and NK cells, 7, 8) and to induce interferon (IFN)-g production from these cells. 1, 9) Furthermore, it plays an important role in regulating the balance between helper T (Th) 1 and Th2 responses. 3, 10, 11) Recombinant IL-12 or IL-12 gene transfer has shown to have potent antitumor activity against several murine tumors. [12] [13] [14] [15] In other instances, a T cell-mediated antitumor response of IL-12 has been shown to be dependent on the function of CD4 ϩ and CD8 ϩ T cells. 16) In addition, the antitumor activity of IL-12 might also depend on the cytotoxic action of NK/NKT cells against tumors. 17) Those reports suggested that IL-12 plays an important role in antitumor immunity.
Z-100, extracted from Mycobacterium tuberculosis strain Aoyama B, is an immunomodulator containing arabinomannan as the main component. 18) It is clinically used in patients with leukopenia caused by radiation therapy in Japan. In preclinical experiments, Z-100 was shown to have various immunopotentiating activities including enhancement of protective activity against Pseudomonas aeruginosa infection, 19) and antiviral activities against LP-BM5 murine leukemia virus, 20) and herpes virus. 21) Z-100 exhibited inhibition of tumor growth 22) and metastasis, prolongation of survival time, 23) and protection against opportunistic infection 24) in syngeneic murine tumor models. In addition, Z-100 has been shown to exhibit these antimetastatic activities via suppression of Th2 cytokine production by tumor-associated Th2 cells. 25) Furthermore, Z-100 improves the balance of Th1/Th2 cell responses in Meth-A tumor cell-bearing mice through both up-regulation of IL-12 production from macrophages and interferon (IFN)-g production from CD4 ϩ T cells. 26) In the present study, the role of IL-12 in the antimetastatic effect of Z-100 was investigated using wild-type C57BL/6 mice and IL-12p40 knockout (IL-12p40 KO) mice inoculated with metastatic B16F10 melanoma cells.
MATERIALS AND METHODS
Animals Six-to 7-week-old male C57BL/6 mice were purchased from Charles River Japan. Five-to 6-week-old male C57BL/6-IL12b͗tm1Jm͘ (IL-12p40 KO) mice were purchased from Jackson Laboratory, U.S.A. The mice were maintained in aluminum cages with Paper Clean (Japan SLC) bedding under specific pathogen-free conditions in an animal room at controlled temperature and humidity (23Ϯ3°C, 55Ϯ20%, respectively). Mice were given CRF-1 feed (Oriental Yeast) and water ad libitum. All animal experiments were approved by the Animal Care and Use Committee of the Central Research Laboratories of Zeria Pharmaceutical Co., Ltd. Z-100 Z-100 was produced by Zeria Pharmaceutical Co., Ltd., Tokyo, Japan. Z-100 (10 mg/kg) was administered intraperitoneally once daily for 14 d beginning immediately after tumor inoculation. As a control, saline was injected intraperitoneally on the same schedule.
Reagents RPMI 1640 medium (Nissui Seiyaku), minimum essential medium (MEM, Invitrogen), Dulbecco's phosphate-buffered saline (PBS, Sigma), fetal bovine serum (FBS, JRH Biosciences and Hyclone), 0.25% trypsin and 1 mM EDTA (Invitrogen), IFN-g, IL-2, IL-4, and IL-10 enzyme-linked immunoabsorbent assay (ELISA) kits (R&D Systems), IL-12 (p40 and p70) ELISA kits (Amersham Biosciences Biotech), anti-CD3 monoclonal antibody (mAb) (clone 145-2C11, Pharmingen), Bacille Calmette-Guérin (BCG, Japan BCG), and whole-blood erythrocyte lysing kits (R&D Systems) were used in the experiments.
Implantation of B16F10 Melanoma in C57BL/6 Mice or IL-12p40 KO Mice B16F10 melanoma, a highly metastatic strain of B16 melanoma cells, were grown in vitro with RPMI 1640 medium supplemented with 10% heat-inactivated FBS, antibiotics, and 2 mM L-glutamine (complete medium). Cells in a log growth phase were detached from tissue culture flasks using a mixture of 0.25% trypsin and 1 mM EDTA. The cells were washed with PBS and then 1ϫ10 6 cells/ml of B16F10 melanoma was suspended in PBS immediately before implantation. C57BL/6 mice or IL12p40 KO mice were inoculated with the cultured B16F10 melanoma (2ϫ10 5 cells/mouse i.v.). Fourteen days after tumor inoculation, lung tissues were removed from these mice and fixed in 10% formaldehyde solution. The number of metastatic colonies on the lungs was counted under a dissecting microscope.
Induction and Measurement of Th1/Th2 Cytokine Production Splenocytes were prepared from C57BL/6 mice and IL-12p40 KO mice 14 d after tumor inoculation. Singlecell suspensions were passed through nylon mesh (Becton Dickinson) and washed with RPMI-1640 medium by centrifugation for 5 min at 1200 rpm. Then the erythrocytes were removed with a whole-blood erythrocyte lysing kit and then washed twice with medium. To prepare CD4 ϩ T cells, the splenocytes were passed through a CD4 ϩ T cell subset column (Cytovax Biotechnologies). This procedure resulted in a population of Ͼ84% of CD4 ϩ T cells, as assayed by flow cytometry. The CD4 ϩ T cells were suspended in complete medium. The number of viable cells was determined using the trypan blue dye-exclusion method. Then 2ϫ10 6 cells/ml of these cells was stimulated with anti-CD3 mAb (2.5 mg/ml) in a 96-well tissue culture plate and incubated for 48 h at 37°C in 5% CO 2 . Culture fluids harvested were stored at Ϫ80°C until use and assayed for the amounts of IL-2, IFNg, IL-4, and IL-10 using an ELISA kit.
Preparation of Macrophages from C57BL/6 Mice Treated with BCG C57BL/6 mice were administered BCG (1 mg/mouse i.v.). Fourteen days after administration, peritoneal exudate cells (PECs) were collected from the peritoneal cavity of these mice by washing twice with MEM 5 ml. PECs were washed and resuspended in MEM supplemented with 10% heat-inactivated FBS. The cells (2ϫ10 6 cells/well) in 500-ml aliquots of complete culture medium were cultured in Biocoat 24-well plates (Becton Dickinson). To prepare adherent cells as macrophages, these cells were cultured for 30 min at 37°C in 5% CO 2 , then washed twice with warmed MEM (37°C). The macrophages were stimulated with various concentrations of Z-100 (25, 50, 100, 200 mg/ml) for 24, 48, and 72 h at 37°C in 5% CO 2 . Culture fluids harvested were stored at Ϫ80°C until use and assayed for the amount of IL-12 (p40 and p70) and IL-10 using ELISA kits.
Statistical Analysis Data are expressed as meanϮstan-dard error (S.E.). Statistical analysis was performed using Student's t-test, Dunnett's test, and the Tukey test. p values less than 0.05 were considered significant.
RESULTS
Role of IL-12 in Antimetastatic Activity of Z-100 IL12p40 KO mice were previously shown to have dysfunctional IL-12 activities, resulting in the breakdown of Th1 cell responses and the augmentation of Th2 cell responses. 27) Therefore IL-12p40 KO mice are appropriate experimental animals for examining the function of IL-12.
To determine the role of IL-12 in the antimetastatic activity of Z-100, C57BL/6 mice and IL-12p40 KO mice were inoculated with B16F10 melanoma (2ϫ10 5 cells/mouse) and then those mice were administered Z-100 (10 mg/kg i.p.). The number of pulmonary metastases was counted 14 d after tumor inoculation. As shown in Fig. 1a , administration of Z-100 (10 mg/kg) significantly suppressed the pulmonary metastasis of tumors in C57BL/6 mice inoculated with B16F10 melanoma, as compared with that in tumor control mice (suppression rate: 80.6%, pϽ0.01). In IL-12p40 KO mice inoculated with the same tumors, Z-100 did not suppress pulmonary metastasis (suppression rate: 19.1%) (Fig.  1b) . These results indicate that Z-100 exhibits its antimetastatic activity through the function of IL-12. On the other hand, Z-100 (200 mg/ml) did not suppress the growth of B16F10 melanoma cells in vitro. The results indicate that Z-100 dose not have a direct tumoricidal effect but acts through a host-mediated mechanism against tumor cells.
Regulatory Effect of Z-100 on the Balance of Th1/Th2 Cell Responses in C57BL/6 Mice Inoculated with B16F10 Melanoma The regulatory effect of Z-100 on the balance of Th1/Th2 cell responses was examined. C57BL/6 mice bearing B16F10 melanoma were administered Z-100 (10 mg/kg i.p.), and then the production of Th1 cytokines (IL-2, IFN-g) and Th2 cytokines (IL-4, IL-10) by CD4 ϩ T cells prepared from the splenocytes of those mice were measured 14 d after tumor inoculation. IL-2 and IFN-g production was significantly decreased in C57BL/6 mice bearing B16F10 melanoma, as compared with that of normal mice (pϽ0.01, Figs. 2a, b) . IL-4 and IL-10 production was significantly increased in C57BL/6 mice bearing the same tumors, as compared with that in normal mice (pϽ0.01, Figs. 2c, d) . These results indicate that the Th cell responses in C57BL/6 mice were shifted to the Th2-dominant state by inoculation with B16F10 melanoma. On the other hand, the administration of Z-100 significantly increased IL-2 and IFN-g production in C57BL/6 mice bearing B16F10 melanoma (pϽ0.01, Figs. 2a, b) . In addition, the administration of Z-100 significantly suppressed IL-4 and IL-10 production in those mice (pϽ0.05, Figs. 2c, d ). These results indicate that Z-100 improved the balance of Th1/Th2 cell responses from the Th2-dominant immune responses to the normal state in C57BL/6 mice bearing B16F10 melanoma.
Regulatory Effect of Z-100 on the Balance of Th Cell Responses in IL-12p40 KO Mice Inoculated with B16F10 Melanoma
To determine the role of IL-12 in the regulatory effect of Z-100 on the balance of Th1/Th2 cell responses, IL-12p40 KO mice bearing B16F10 melanoma were used. These mice were administered Z-100 (10 mg/kg i.p.), and IL-2, IFN-g, IL-4, and IL-10 from the CD4 ϩ T cells prepared from splenocytes of those mice were measured 14 d after tumor inoculation. IL-2 and IFN-g production was significantly decreased in IL-12p40 KO mice bearing B16F10 melanoma, as compared with that in normal IL-12p40 KO mice (IL-2, pϽ0.01; IFN-g, pϽ0.05, Figs. 3a, b) . IL-4 and IL-10 production was significantly increased in IL-12p40 KO mice bearing B16F10 melanoma, as compared with that in normal IL-12p40 KO mice (pϽ0.01, Figs. 3c, d ). These results indicate that the Th cell responses in IL-12p40 KO mice bearing B16F10 melanoma also shifted to the Th2-dominant state, as in wild-type C57BL/6 mice bearing these tumors. However, administration of Z-100 did not affect Th1 cytokine production or Th2 cytokine production in IL-12p40 KO mice bearing B16F10 melanoma. These results suggest that Z-100 improved the balance of Th1/Th2 cell responses from Th2-dominant immune responses to the normal state through the activities of IL-12 as observed in C57BL/6 mice bearing B16F10 melanoma.
IL-12 Production from Macrophages Stimulated with Z-100 Macrophages have been shown to produce IL-12 and to be the primary target cells for immunological activity of Z-100. Therefore the effects of Z-100 on IL-12 production by macrophages were determined. The macrophages prepared from BCG-treated mice were cultured in the presence of saline or Z-100 (200 mg/ml) for 24, 48, and 72 h at 37°C in 5% CO 2 . The amounts of IL-12 (p40 and p70) in the culture fluid harvested were measured using an ELISA kit (Fig.  4a) . After 24, 48, and 72 h incubation, the amounts of IL-12 (p40 and p70) produced by macrophages treated with saline were 150, 220, and 230 pg/ml, respectively. On the other hand, the amounts of IL-12 (p40 and p70) produced by cells treated with Z-100 (200 mg/ml) were 320, 420, and 460 pg/ml 24, 48, and 72 h after stimulation, respectively. These results indicate that Z-100 significantly increases IL-12 production by macrophages (pϽ0.01). To examine the concentration dependency of Z-100 on the induction of IL-12 from macrophages, these cells were stimulated in vitro with Z-100 1338 Vol. 26, No. 9 (0, 25, 50, 100, or 200 mg/ml) for 72 h, and the amounts of IL-12 (p40 and p70) in the culture fluid harvested were measured. As shown in Fig. 4b , the amounts of IL-12 (p40 and p70) from macrophages stimulated with saline, and 25, 50, 100, or 200 mg/ml of Z-100 were 230, 280, 330, 360, and 460 pg/ml, respectively. These results indicate that Z-100 significantly increase IL-12 production by macrophages in a concentration-dependent manner at concentrations of 50 mg/ml or more (pϽ0.01).
IL-10 Production by Macrophages Stimulated with Z-100 IL-10 is a Th2 cytokine that inhibits Th1 cytokine production by Th1 cells.
28) It also inhibits IL-12 production induced by subsequent stimulation. 29) Reports indicated that IL-10 suppresses Th1 immune responses. Since macrophages have been shown to induce IL-12 and IL-10, macrophages may have an important role in the generation of Th cell responses. Therefore the effects of Z-100 on IL-10 production by macrophages prepared from BCG-treated mice were determined. The macrophages were cultured in the presence of saline, as the control group, or Z-100 (200 mg/ml) for 24, 48, and 72 h, and the amounts of IL-10 in the culture fluids were measured using an ELISA kit (Fig. 5a ). After 24, 48, and 72 h of incubation, amounts of IL-10 in the control group were 38, 42, and 60 pg/ml, respectively. Amounts of IL-10 in the Z-100-treated group were 34, 33, and 40 pg/ml, respectively. After 72-h incubation, Z-100 significantly decreased IL-10 production by macrophages, compared with that in the control group (pϽ0.01). In addition, to determine the effect of Z-100 on the suppression of IL-10 production, macrophages were stimulated with Z-100 at concentrations of 0, 25, 50, 100, and 200 mg/ml for 72 h and the amounts of IL-10 in the culture fluids were measured using an ELISA kit. As shown in Fig. 5b , the amounts of IL-10 in cultures of macrophages stimulated with Z-100 (0, 25, 50, 100, or 200 mg/ml) were 60, 42, 39, 36, and 40 pg/ml, respectively. These results indicated that Z-100 significantly decreases IL-10 production by macrophages at concentrations of 25 mg/ml or more (pϽ0.01).
DISCUSSION
It has been reported that immunomodulators, such as Streptococcal preparation OK-432 30, 31) and 1,3-b-D-glucan, 32, 33) increase IL-12 production from antigen-presenting cells. Since IL-12 can regulate the Th1/Th2 immune balance, IL-12 may be an important factor in the tumor immunity of immunomodulators. In the present study, we investigated the role of IL-12 in the antimetastatic activity of Z-100, an immunomodulator extracted from M. tuberculosis. As a result, Z-100 was shown to suppress significantly the metastasis of tumors in wild-type C57BL/6 mice bearing B16F10 melanoma. However, the antimetastatic activity of Z-100 was not observed in IL-12p40 KO mice bearing the same tumors. These results suggest that IL-12 is an important cytokine for the expression of the antimetastatic activity of Z-100.
Mosmann et al. reported that helper T cells could be divided into two subpopulations, Th1 and Th2 cells, according to the differences in their cytokine expression profiles. 34) IFN-g, secreted from Th1 cells, is known to induce the differentiation of Th0 to Th1 cells and to inhibit the proliferation of Th2 cells. 35) IL-4 and IL-10, secreted from Th2 cells, are known to induce the differentiation of Th0 to Th2 cells and to inhibit the function of Th1 cells. 36, 37) Thus, Th1 or Th2 cytokines control the differentiation and function of Th cells. It was recently reported that the Th cell responses shifted to Th2-dominant status depending on the malignancy stage. 38, 39) In addition, the regulation of the immune balance of Th1/Th2 cell responses has been shown to be critically important for antitumor immune responses, such as inhibition of tumor growth and metastasis, and survival rate. [40] [41] [42] As described above, the balance of Th1/Th2 cell responses is regulated by Th1 and Th2 cytokines. IL-12 produced from antigen-presenting cells, such as macrophages, play been shown to induce Th1 cell responses. Since macrophages play an important role as primary immune cells in the generation of tumor-specific immunity, cytokines induced from these cells may be related to tumor rejection. In this study, we investigated the role of IL-12 in the regulatory effect of Z-100 on the balance of Th1/Th2 cell responses. Z-100 improved the balance of Th1/Th2 cell responses from Th2-dominant immune responses, as observed in C57BL/6 mice bearing B16F10 melanoma, to the normal level. However, the regulatory effect of Z-100 was not observed in IL-12p40 KO mice bearing the same tumors. Moreover, Z-100 increased IL-12 production and decreased IL-10 production by macrophages. It was suggested that the increase in IL-12 production and decrease in IL-10 production from macrophages by Z-100 may contribute to the improvement of Th1/Th2 cell responses from Th2-dominant immune responses to the normal state, as observed in C57BL/6 mice bearing B16F10 melanoma. In this study, we found that Z-100 increased mouse IL-12 production by activated macrophages prepared from BCG-treated mice. Kobayashi et al. also reported that Z-100 induced IL-12 production by splenocytes of BCGtreated mice. 43) On the other hand, it was reported that alveolar macrophages play an important role in the suppression of pulmonary tumor metastases by immunomodulators. 44, 45) However, the effects of Z-100 on IL-12 production by alveolar macrophages from normal and tumor-bearing mice were not investigated. Recently, we have found that Z-100 increases IL-12 production by mouse bone marrow-derived adherent cells generated by granulocyte-macrophage colony stimulating factor or by human peripheral blood mononuclear cell-derived adherent cells (data not shown). Based on that knowledge, the effects of Z-100 on IL-12 production by these macrophages are considered to be very important for mechanism analysis of the suppression of pulmonary metastases by Z-100.
IFN-g has immunomodulatory activities such as the augmentation of Th1 cell activity, macrophage tumoricidal activity, and NK cell cytotoxicity and can suppress tumor growth and pulmonary metastasis. 46, 47) Adoption of transferred tumor-specific T cells demonstrated that secretion of IFN-g plays an essential role in tumor rejection. 48, 49) We have already investigated the role of IFN-g in the antimetastatic activity of Z-100. 50) We demonstrated that Z-100 suppresses the pulmonary metastasis of B16F10 melanoma through the induction of IFN-g production and improved Th cell responses from the Th2-dominant state to the Th1-dominant state. However, the antimetastatic activity of Z-100 did not depend on IFN-g alone. The activity of other cytokines in the antimetastatic activity of Z-100 was also assumed from these data. Furthermore, it has been reported that Z-100 increases IL-12 and IFN-g mRNA levels and improves the balance of Th1/Th2 cell responses from Th2-dominant immune responses to the normal state in mice bearing Meth-A tumor cells. 25) These findings indicate that the interaction of Th1-inducible cytokines such as IL-12 and IFN-g are required for the antitumor effects of Z-100.
Recently, it has been reported that Th1 cells suppress the metastasis of MCA205 tumor cells. 51) It has also been reported that dendritic cells transduced with tyrosinase-related protein-2 known to be a tumor antigen, suppresses the metastasis of B16 melanoma through the activation of CD4 ϩ T cells. 52) These reports suggest the importance of CD4 ϩ T cells in antimetastatic activities. On the other hand, it has been reported macrophages activated by Th1 cells suppress tumor growth. 53) In addition, it has been demonstrated that natural killer (NK) cells and NKT cells are important effector cells for the antimetastatic effect of IL-12 and/or Th1 cells. 54, 55) These reports indicate that a variety of effector cells such as NK/NKT cells, macrophages, and Th1 cells are involved in the antimetastatic effects of IL-12. Moreover, our results and the above reports suggest that the cooperation of antigen-presenting cells, NK/NKT cells and Th1 cells appears necessary for the anti-metastatic activity of Z-100.
In conclusion, we demonstrated that Z-100 increases IL-12 production, decreases IL-10 production, and improves Th1/Th2 cell responses from the Th2-dominant state to the normal state. In addition, the present findings indicate that the antimetastatic activity of Z-100 is exerted through hostmediated immune systems. Since these studies were carried out in mice, the clinical relevance of the results is unknown, but we suggest that Z-100 treatment of patients with cancer could prevent metastasis via above the host immune system.
